In the present paper we have experimentally determined the density, saponification value, iodine value, acid value, peroxide value for four different edible oils: sunflower oil, corn oil, rapeseed oil and peanut oil. Density was determined in the temperature range of 20 o C -50 o C, with a 10 degree step increase. The physicochemical properties of the investigated oils were within the requirements of food domain: saponification value varied from 164.84 to 206.45 mg KOH/g, peroxide value varied from 9.99 to 24.49 mEg O 2 /kg of sample, acid value varied from 0.22 to 3.97 mg KOH/g, iodine value varied from 94.35 to 102.02 g I 2 /100 g sample, and density varied from 0.9031 to 0.9208 g/cm 3 . Based on experimental data, density were correlated with others properties of edible oils. An empirical model was proposed to correlate oil density with iodine value and temperature. The results of the proposed model were compared with a model from literature. The accuracy of the proposed model was very good, the AAD varying in the range of 0.078 % to 0.092 %. The proposed model can be recommended for density of vegetable oils evaluation based on their IV, at different temperatures in the range of 20 o C to 50 o C.
Introduction
The importance of edible oils in industries such as foods, energy, cosmetics, pharmaceuticals, or lubricants has been well documented. Physicochemical properties of different types of edible oils have been presented in literature [1] [2] [3] [4] . Physical properties of vegetable oils depend primarily on composition (and hence on biological origin) and temperature [3] .
The estimation of the physico-chemical properties of edible oils is essential in the design of unit processes such as distillation, heat exchangers, reactors and piping. On the other side, physicochemical properties are an important factor that determines the overall quality and stability of a food system. It has been shown that for vegetable oils, density decreases linearly with temperature increasing [5] . Density, saponification value, iodine value, acid value, peroxide value are some of the important characteristics of a vegetable oil.
Macronutrients like proteins, carbohydrates and lipids and micronutrients like vitamins, minerals and antioxidants are the major components of a healty daily diet [6] . Edible oils are an important part of human diet, being used as food or as an ingredient in food products.
In the present paper we have experimentally determined the density, saponification value, iodine value, acid value, peroxide value for four different edible oils: sunflower oil, corn oil, rapeseed oil and peanut oil. The density was determined for temperature ranging from 20 o C to 50 o C. The aim of this work was to characterize different edible oils and to propose a model for density prediction. The proposed model can be useful for preliminary evaluation of density of edible oils based on other oil characteristics, easily accessible to experimental determination.
Experimental
All reagents used in this study were of analytical grade. The solutions were prepared with distilled water. Four different edible oils were purchased from the local market. Sunflower oil was produced by Bunge Romania S.R.L. Company, Romania, corn oil by S.C. Man Ro S.R.L. Company, Romania, rapeseed oil by Group Auchan Company, France, peanut oil by Group Auchan Company, France.
Some characteristics of the edible oils used in the experiments are presented in Table 1 . Sunflower oil, rapeseed oil and peanut oil are refined oils, while corn oil is unrefined. 
Density
Density of the edible oils was measured using an Anton Parr densitimeter DMA 4500 type equipped with a measurement cell based on the "U" vibrating tube method. The uncertainty in density measurements was ± 0.0001 g/cm 3 . The density was determined for temperature ranging from 20 o C to 50 o C, with a 10 degrees step increase.
Saponification value
The saponification value (SV) is defined as the weight of potassium hydroxide, in milligrams, needed to saponify one gram of oil. The method for saponification value determination is based on the oil sample saponification by refluxing with a known excess of alcoholic potassium hydroxide solution. The alkali required for saponification is determined by titration of the excess potassium hydroxide with standard hydrochloric acid, in the presence of phenolphthalein as indicator. A corresponding blank reagent is simultaneously prepared.
The saponification value was calculated with the equation:
where SV represents saponification value, (mg KOH/ g sample); V 1 -volume of standard hydrochloric acid required for the blank reagent, (mL); V 2 -volume of standard hydrochloric acid required for the sample, (mL); m -weight of the oil sample (g) [6] .
Iodine value
The iodine value (IV) indicates the degree of unsaturation of the oil. It is defined as the number of grams of iodine absorbed by 100 grams of oil.
The iodine value was determined using Hanus method. The oil sample taken into a glass stopper iodine flask, is dissolved in chloroform. The measured volume of Hanus reagent is accurately added and after thorough mixing, it is placed in the dark for exactly one hour. A corresponding blank reagent is simultaneously prepared. At the end of the specified time, the reaction is stopped by adding potassium iodide and diluted with water to prevent loss of the free iodine. The amount of free iodine is determined by titration with sodium thiosulfate using starch as indicator.
The iodine value was calculated with the equation:
where IV represents iodine value, (g I 2 /100 g sample); 0.01269 -number of grams of iod corresponding to 1 mL of sodium thiosulfate solution, (g); V 1 -volume of sodium thiosulfate solution used for the blank reagent, (mL); V 2 -volume of sodium thiosulfate solution used for the sample, (mL); m -weight of the oil sample (g) [7] .
Acid value
The acid value (AV) is defined as the number of milligrams of potassium hydroxide required to neutralize the free acids present in one gram of oil. The acid value is determined by direct titration of the oil sample in an alcoholic medium, against standard potassium hydroxide solution, in the presence of phenolphthalein as indicator.
The acid value was calculated with the equation:
where AV represents acid value, (mg KOH/ g sample); V -volume of standard potassium hydroxide solution, (mL); N -normality of the potassium hydroxide solution; m -weight of the oil sample (g) [8] .
Peroxide value
Peroxide value (PV) measures the miliequivalents of oxygen (hydroperoxides) per 1000 gram of oil. The peroxid value is a measure of the concentration of substances that oxidize potassium iodide to iodine. The oil sample taken into a glass stopper iodine flask, is dissolved in chloroform. The measured volume of glacial acetic acid reagent and potassium iodide is accurately added and after thorough mixing, is placed in the dark for exactly fifteen minutes. At the end of the specified time, the mixture is diluted with distilled water to prevent free iodine loss. The amount of free iodine is determined by titration with sodium thiosulfate, using starch as indicator. A corresponding blank reagent is simultaneously prepared.
The peroxide value was calculated with the equation:
where PV -represents peroxide value, (m Eg O 2 /kg oil); V 1 -volume of standard sodium thiosulfate solution used for the blank reagent, (mL); V 2 -volume of standard sodium thiosulfate solution used for the sample, (mL); m -weight of the oil sample (g) [9] .
Results and Discussions
The density of sunflower oil, corn oil, rapeseed oil and peanut oil was experimentally determined for temperature ranging from 20 o C to 50 o C. The density of vegetable oils is dependent on their fatty acid composition, minor components and temperature [10] . The density variation with temperature for the studied oils is presented in Fig.1 . It can be observed that peanut oil has the lower density from the studied vegetable oils; the sunflower oil and corn oil have very similar densities. This difference in the density of the oils may be due to the refined and respectively unrefined character of the studied oils. Fig. 1 . Vegetable oils density versus temperature (♦ -sunflower oil; □ -corn oil; ∆-rapeseed oil; • -peanut oil).
As specified in literature [11, 12] , from fig. 1 it can be observed that the density of vegetable oils linearily decreases with temperature increasing. The rate of density decrease with temperature increasing has been the same for all studied oils.
The experimentally determined values for saponification value, iodine value, acid value and peroxid value for the four types of edible oils are presented in Table 2 . Saponification value is a measure of oxidation during storage, and also indicates deterioration of the oils. From Table 2 it can be seen that unrefined corn oil has had the highest value of SV, while sunflower oil, rapeseed oil and peanut oil have had SV very close to each other.
The iodine value is an indicator of the degree of unsaturation, a great value of IV indicating an oil prone to oxidation. The unsaturated character affects the stability of oils, and, as a result, leads to the appearance of degradation effects during storage. From the studied oils, the peanut oil is characterized by the greatest IV.
The acid value is a measure of the free fatty acids content of the oil. Since corn oil is unrefined, its AV is higher than the corresponding AV of refined sunflower oil, peanut oil and rapeseed oil, respectively.
Peroxide value is the most common indicator of lipid oxidation. The unrefined vegetable oils are characterized by greater PV values, compared to refined oils. Refined oils used in this study are all characterized by the same value of PV, 9.99 mEg O 2 /kg sample ( Table 2 ). The PV of the corn oil is more than two times greater than the PV of the other studied oils (22.49 mEg O 2 /kg sample).
The physico-chemical properties of the investigated oils were within the requirements of food domain: saponification value varied from 164.84 to 206.45 mg KOH/g, peroxide value varied from 9.99 to 24.49 mEg O 2 /kg of sample, acid value varied from 0.22 to 3.97 mg KOH/g, iodine value varied from 94.35 to 102.02 g I 2 /100 g sample, and density varied from 0.9031 to 0.9208 g/cm 3 [10, 13] .
An empirical equation was proposed in literature to correlate the density of vegetable oils with SV, IV and temperature (Lund equation modified by Pantzaris) [14] :
where ρ represents the density of the oil (g/cm 3 ); ttemperature ( o C). An empirical equation was proposed to correlate the density of the studied vegetable oils with IV and temperature:
where a and b are regression coefficients. The values of regression coefficients a and b from equation (6) determined based on experimental density results of investigated oils are presented in Table 3 .
The accuracy of the proposed model (eq. 6) and of the model from literature (eq.5) was evaluated by the means of absolute average deviation (AAD). The absolute average deviation was calculated with the equation:
where ρ exp,i represents the experimental value of the density; ρ calc,i -calculated value of the density; nnumber of experimental points. The accuracy of equation (5) and (6) was evaluated by the means of AAD (%) ( Table 4) . The accuracy of the proposed model (eq. 6) for the evaluation of the density of vegetable oils is very good, the AAD varying in the range of 0.078 % to 0.092 %. The proposed model can by recommend for density of vegetable oils evaluation based on their IV, at different temperatures in the range of 20 o C to 50 o C.
Conclusions
Some properties of four types of vegetable oils has been investigated. The physico-chemical properties of the investigated oils were within the requirements of food domain. An empirical equation was proposed to correlate the density of the studied vegetable oils with IV and temperature. The accuracy of the proposed model was very good, the AAD varying in the range of 0.078 % to 0.092 %. The proposed model can be recommended for density of vegetable oils evaluation based on their IV, at different temperatures in the range of 20 o C to 50 o C.
